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DETERMINATION OF A NAVIGATION 
WINDOW IN AN OPTICAL NAVIGATION 

SYSTEM 

BACKGROUND OF THE INVENTION 

Optical navigation upon arbitrary surfaces produces 
motion signals indicative of relative movement along the 
directions of coordinate axes, and is becoming increasingly 
prevalent. It is used, for instance, in optical computer mice 
and ?ngertip tracking devices to replace conventional mice 
and trackballs for the position control of screen pointers in 
WindoWed user interfaces for computer systems. It has many 
advantages, among Which are the lack of moving parts that 
accumulate dirt and suffer the mechanical Wear and tear of 
use. Another advantage of an optical mouse is that it does not 
need a mouse pad, since it is generally capable of navigating 
upon arbitrary surfaces, so long as they are not optically 
featureless. 

Optical navigation operates by tracking the relative dis 
placement betWeen tWo images. To determine the relative 
displacement betWeen tWo images, a surface is illuminated 
and a tWo-dimensional vieW of a portion of the surface is 
focused upon an array of photodetectors. The output of the 
photodetectors is digitiZed and stored as a reference image in 
a corresponding array of memory. A brief time later a sample 
image is captured using the same process. If there has been no 
motion betWeen the image capture events, then the sample 
image and the reference image are identical (or very nearly 
so). That is, the image features of the reference image data 
and the sample image data appear to match up. If, on the other 
hand, there has been some motion betWeen the image capture 
events, then the features of the sample image Will appear to 
have shifted Within its borders, and the digitiZed arrays Will no 
longer match. The matching process that is used in optical 
navigation to align similar features of tWo images is termed 
“correlation” and typically involves a tWo -dimensional cross 
correlation betWeen the reference image data and the sample 
image data. A tWo -dimensional cross-correlation betWeen the 
reference image data and the sample image data compares 
intensity values of the image data on a pixel-by-pixel basis to 
determine relative displacement betWeen the tWo sets of 
image data. 

The image features that are relied upon to determine rela 
tive displacement are produced by illuminating a surface. If 
the illumination of the surface is not evenly distributed or the 
illumination source is not properly aligned, tracking errors 
may result. Inparticular, a misaligned illumination source can 
cause boarders of the image data to appear dark and therefore 
lack su?icient contrast to support the feature matching pro 
cess. Further, if the illumination drops off suddenly at some 
point Within the image data, the contrast in brightness may 
appear as an image feature (e.g., an edge), Which can severely 
degrade the tracking e?iciency. The false detection of an edge 
can be especially detrimental in image tracking algorithms 
that rely on edge detection. 

In vieW of this, What is needed is a technique for optical 
navigation that addresses navigation errors that are caused by 
poor illumination. 

SUMMARY OF THE INVENTION 

A technique for reducing navigation errors that are caused 
by uneven illumination involves using only the portion of the 
image data that is properly illuminated in the correlation 
process. The portion of the image data that is used for optical 
navigation, referred to herein as the “navigation WindoW” is 
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2 
established by summing the image data on a per-slice basis, 
comparing the per-slice sums to a pre-established intensity 
threshold, and de?ning boundaries of the navigation WindoW 
in response to the comparison. Boundaries are set at the points 
Where the per-slice sums equal the pre-established intensity 
threshold. Using this technique, the correlation process is 
responsive to actual illumination conditions such that the 
portions of the image data that are not properly illuminated 
are not used in the tracking process. Accordingly, portions of 
the image data that are most likely to cause navigation errors 
are “trimmed” from the set of image data that is used in the 
correlation process. 

Other aspects and advantages of the present invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, illus 
trated by Way of example of the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts an image sensor that is formed by an array of 
photodetectors. 

FIG. 2 depicts a set of reference image data that is obtained 
With the image sensor of FIG. 1 relative to the image sensor’ s 
photodetector array. 

FIG. 3 depicts a set of sample image data that is obtained 
With the image sensor of FIG. 1 relative to the image sensor’ s 
photodetector array. 

FIG. 4 depicts the reference and sample image data from 
FIGS. 2 and 3 aligned such that the T-shaped image features 
of the tWo sets of image data match. 

FIG. 5 depicts image data that is divided into columns 
relative to a graph of the per-column sums of the intensity 
values of the image data, Where the columns correspond to the 
columns of photodetectors in the photodetector array. 

FIG. 6 depicts image data that is divided into roWs relative 
to a graph of the per-roW sums of the intensity values of the 
image data, Where the roWs correspond to the roWs of photo 
detectors in the photodetector array. 

FIG. 7 depicts the image data and the graph of the per 
column sums as described With reference to FIG. 5 relative to 
a column threshold and a navigation boundary in accordance 
With an embodiment of the invention. 

FIG. 8 depicts the image data and the graph of the per-roW 
sums as described With reference to FIG. 6 relative to a roW 

threshold and a navigation boundary in accordance With an 
embodiment of the invention. 

FIG. 9 depicts the navigation WindoW that results When 
vertical and horizontal boundaries are established as 
described above With reference to FIGS. 7 and 8 in accor 
dance With an embodiment of the invention. 

FIG. 10 depicts the navigation WindoW in accordance With 
an embodiment of the invention that results When no edges of 
the image data are properly illuminated. 

FIG. 11 depicts a process How diagram of a method for 
optical navigation in accordance With an embodiment of the 
invention. 

FIG. 12 depicts a process How diagram of another method 
for optical navigation in accordance With an embodiment of 
the invention. 

FIG. 13 depicts an example of an optical navigation system 
in accordance With an embodiment of the invention relative to 
a surface that is used for navigation. 

Throughout the description, similar reference numbers 
may be used to identify similar element. 
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DETAILED DESCRIPTION 

FIG. 1 depicts an image sensor 10 that is formed by an array 
of photodetectors 12, Where each of the individual photode 
tectors is often referred to as a “pixel.” The photodetector 
array is formed in columns 20 and roWs 22 of photodetectors. 
For description purposes, the columns are parallel to the 
y-axis and the roWs are parallel to the x-axis as indicated in 
FIG. 1. The photodetector array of FIG. 1 includes a 16x16 
array of photodetectors, hoWever, it should be noted that this 
is for example purposes only. Actual photodetector arrays 
used in optical navigations systems may range, for example, 
from 20x20 to 30x30 arrays although other array siZes are 
possible. As is knoWn in the ?eld, images obtained by the 
photodetector array are stored as digital image data. In optical 
navigation applications, the image data is often stored in 
memory arrays that correspond to the photodetector array. 

The basic concept of optical navigation is described With 
reference to FIGS. 2-4. FIG. 2 depicts a ?rst set of image data 
24 that is obtained With the image sensor of FIG. 1 relative to 
the image sensor’s photodetector array. For description pur 
poses, the image data includes a T-shaped image feature 26. 
Although a T-shaped image feature is depicted for description 
purposes, the image data could include any combination of 
random or non-random image features. Throughout the 
description, the ?rst set of image data is referred to as the 
“reference image data.” In this example, the reference image 
data is obtained at some time, t1. 
At some later time, t2, a second set of image data is 

obtained by the image sensor. Throughout the description, the 
second set of image data is referred to as the “sample image 
data.” FIG. 3 depicts sample image data 28 that is obtained 
With the image sensor of FIG. 1 relative to the image sensor’s 
pixel array. As depicted in FIG. 3, the T-shaped image feature 
26 has moved relative to the photodetector array in compari 
son to the T-shaped image feature in FIG. 2. The movement of 
the T-shaped image feature is caused by movement that 
occurs betWeen the image sensor and the imaged surface 
betWeen image capture events. The relative movement 
betWeen the image sensor and the imaged surface can be 
caused by movement of the image sensor relative to a station 
ary imaged surface, movement of an imaged surface relative 
to the stationary image sensor, or by movement of both the 
image sensor and the imaged surface. In an embodiment, 
image data is captured by the image sensor at a rate of 1,500 
images per second. 

Cross-correlation is used to determine the relative dis 
placement betWeen the reference image data 24 and the 
sample image data 26. The cross-correlation process tries to 
?nd the best match betWeen the reference image data and the 
sample image data to determine relative displacement in the x 
and y directions. The best match is found by matching image 
features in the tWo sets of image data. In one example, cross 
correlation of digital image data involves “moving” the ref 
erence image data to different positions relative to the sample 
image data and calculating a cross-correlation coe?icient at 
each different position. The location With the highest cross 
correlation coe?icient indicates the closest correspondence 
betWeen the reference and sample image data. The reference 
image data is periodically changed to account for the dis 
placement. 

FIG. 4 depicts the reference and sample image data 24 and 
28 aligned such that the T-shaped image feature 26 of the tWo 
sets of image data match. When the image features of the tWo 
sets of image data match, the relative displacement betWeen 
the reference image data and the sample image data is evident 
as depicted in FIG. 4 and can be easily calculated. The relative 
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4 
displacement betWeen the reference image data and the 
sample image data can be characterized in terms of displace 
ment in the y-direction (by) and displacement in the x-direc 
tion (6x). 

Because determining the relative displacement betWeen 
image data relies on a correlation process that essentially 
involves matching image features, it is important that image 
data includes discemable image features. The quality of the 
features captured in the image data degrades When the illu 
mination intensity of the detected features is poor. That is, if 
the imaged surface is not adequately illuminated With a light 
source that is aligned to re?ect light onto the image sensor, 
image features Will not contain enough contrast to enable 
reliable image tracking. Although steps are taken to provide 
the proper illumination, the illumination is not alWays per 
fect. 

In accordance With the invention, navigation errors that are 
caused by uneven illumination are reduced by using only the 
portion of the image data that is properly illuminated in the 
correlation process. The portion of the image data that is used 
for optical navigation, referred to herein as the “navigation 
WindoW” is established by summing the image data on a 
per-slice basis, comparing the per-slice sums to a pre-estab 
lished intensity threshold, and de?ning boundaries of the 
navigation WindoW in response to the comparison. In particu 
lar, boundaries are set at the points Where the per-slice sums 
equal the pre-established intensity threshold. Using this tech 
nique, the correlation process is responsive to actual illumi 
nation conditions such that the portions of the image data that 
are not properly illuminated are not used in the tracking 
process. Accordingly, portions of the image data that are mo st 
likely to cause navigation errors are “trimmed” from the set of 
image data that is used in the correlation process. 
As stated above, de?ning the boundaries of the navigation 

WindoW involves summing the image data on a per-slice 
basis. As used herein, the term “per-slice basis” refers to a 
group of photodetectors and their associated output signals, 
Which is de?ned by a linear path of photodetectors that runs 
from opposite edges of a photodetector array. Typically, a 
slice of photodetectors Will be either an entire column of 
photodetectors or an entire roW of photodetectors although 
this is not a requirement. For description purposes, the optical 
navigation technique is described in terms of photodetector 
columns, per-column sums, photodetector roWs, and per-roW 
sums. 

FIG. 5 depicts image data 40 that is divided into columns 
20 relative to a graph of the per-column sums of the intensity 
values 42 of the image data, Where the columns correspond to 
the columns of photodetectors in the photodetector array. The 
image data can be any image data that is obtained by the 
photodetector array. In the embodiment of FIG. 5, the image 
data is obtained from an imaged surface that includes random 
features. The horiZontal lines that represent the individual 
pixels of the photodetector array and the corresponding 
image data are not shoWn in FIG. 5 to highlight the per 
column summing operation. 

In addition to per-column summing, the same image data is 
summed on a per-roW basis. FIG. 6 depicts the image data 40 
divided into roWs 22 relative to a graph of the per-roW sums of 
the intensity values 44 of the image data, Where the roWs 
correspond to the roWs of photodetectors in the photodetector 
array. The vertical lines that represent the individual pixels of 
the photodetector array and the corresponding image data are 
not shoWn in FIG. 6 to highlight the per-roW summing opera 
tion. 

To establish boundaries for a navigation WindoW that has 
proper illumination, an illumination threshold is established. 
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According to the invention, an illumination threshold is estab 
lished that represents the minimum illumination that is 
acceptable Within the navigation WindoW. In an embodiment, 
the threshold is de?ned in terms of a minimum intensity value 
sum for an entire column or roW of image data. That is, the 
threshold represents the minimum intensity value that should 
be maintained on a per-column or per-roW basis for the sum 
total of intensity values over an entire column or roW of image 
data. The threshold can be the same for the columns and the 
roWs or it can be speci?c to the columns and the roWs. In an 

embodiment, the boundaries of the navigation WindoW are 
established at the points Where an intensity sum equals the 
corresponding threshold. In particular, each of the summed 
values is compared to the respective column or roW threshold 
and the column and roW boundaries are set at the point Where 
the intensity sums equal the respective thresholds. Using this 
technique, the portions of the image data having intensity 
value sums that are beloW the respective thresholds are 
trimmed from the image data and are not used for image 
tracking. 

FIG. 7 depicts the image data 40 and the graph of the 
per-column sums 42 as described With reference to FIG. 5 
relative to a column threshold 46. FIG. 7 also includes the 
vertical navigation WindoW boundaries 48 that are de?ned in 
response to the comparison of the per-column sums to the 
column threshold. With reference to the graph of FIG. 7, the 
column threshold is established at an intensity value identi 
?ed as “or.” Boundaries of the navigation WindoW are estab 
lished at the point, or points, Where the per-column sums are 
equal to the column threshold. If the per-column sum is above 
the threshold at the edge of the image data, then the respective 
boundary is established at the edge of the image data. The 
vertical dashed lines 48 that project from the graph into the 
image data represent the x-axis boundaries of the navigation 
WindoW. The image data that lies betWeen the boundaries 
meets the minimum illumination requirements on a per-col 
umn basis. 

FIG. 8 depicts the image data 40 and the graph of the 
per-roW sums 44 as described With reference to FIG. 6 relative 
to a roW threshold 50. FIG. 8 also includes the horizontal 
navigation WindoW boundaries 52 that are de?ned in response 
to the comparison of the per-roW sums to the roW threshold. 
With reference to the graph of FIG. 8, the roW threshold is 
established at an intensity value identi?ed as “[3.” Boundaries 
of the navigation WindoW are established at the point, or 
points, Where the per-roW sums are equal to the roW threshold. 
If the per-roW sum is above the threshold at the edge of the 
image data, then the respective boundary is established at the 
edge of the image data. The horizontal dashed lines 52 that 
project from the graph into the image data represent the y-axis 
boundaries of the navigation WindoW. The image data that lies 
betWeen the boundaries meets the minimum illumination 
requirements on a per-roW basis. 

FIG. 9 depicts the navigation WindoW 54 that results When 
vertical and horiZontal boundaries 48 and 52 are established 
as described above With reference to FIGS. 7 and 8. Referring 
to the image data, the vertical boundaries (min_x and max_x) 
and the horiZontal boundaries (min_y and max_y) combine to 
de?ne the navigation WindoW. Only the image data that falls 
Within the navigation WindoW is used in the tracking process. 
In the example of FIG. 9, the image data has proper illumi 
nation at some of the edges of the image data. For example, 
the top edge and the right edge have intensity sums that are 
above the respective column and roW thresholds and therefore 
no trimming is necessary. 

Although in the examples of FIGS. 7-9, the de?ned bound 
aries cause image data at tWo of the edges to be “trimmed” 
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6 
from the navigation WindoW, it is possible that the image data 
is not adequately illuminated at any of the edges. FIG. 10 
depicts the navigation WindoW 54 that results When no edges 
of the image data are properly illuminated. Referring to FIG. 
10, on a per-column basis, the portions of the image data on 
both the left and right sides are beloW the column threshold 
and therefore trimming of both the left and right edges of the 
image data is necessary. Likewise, on a per-roW basis, the 
portions of the image data on the top and the bottom sides are 
beloW the roW threshold and therefore trimming of both the 
top and bottom edges of the image data is required. 

FIG. 11 depicts a process How diagram of a method for 
optical navigation that corresponds to the above-described 
techniques.At step 60, image data is obtained. The processing 
involved in de?ning the x and y axis WindoW boundaries can 
be performed in parallel processes and therefore the process 
How diagram diverges into separate paths. With respect to the 
x-axis WindoW boundaries (i.e., the boundaries that are par 
allel to the columns), at step 62, the image data is summed on 
a per-column basis. At step 64, the per-column sums are 
compared With the column threshold, 0t. At step 66, the x-axis 
WindoW boundaries are established in response to the com 
parison. With respect to the y-axis WindoW boundaries (i.e., 
the boundaries that are parallel to the roWs), at step 68, the 
image data is summed on a per-roW basis. At step 70, the 
per-roW sums are compared With the roW threshold, [3.At step 
72, the y-axis WindoW boundaries are established in response 
to the comparison. 

FIG. 12 depicts a process How diagram of another method 
for optical navigation that corresponds to the above-described 
techniques. At step 80, a threshold is established. At step 82, 
image data is obtained. At step 84, the image data is summed 
on a per-slice basis to create per-slice sums. At step 86, the 
per-slice sums are compared to the threshold. At step 88, a 
boundary of a navigation WindoW is de?ned in response to the 
comparison. 
The above-described processes can be repeated on a con 

tinuous basis. For example, neW image data is constantly 
acquired (e.g., at a rate of 1,500 images per second) and the 
WindoW boundaries are dynamically adjusted in response to 
the neWly acquired image data. By constantly updating the 
WindoW boundaries in response to neWly acquired image 
data, the system is responsive to changes in illumination 
conditions. In one alternative, the navigation WindoW is estab 
lished as part of a start-up process and modi?ed at periodic 
intervals that are less often than the image capture rate. 

Because the image data that is used for tracking is obtained 
at close intervals (e.g., 1,500 images per second), the same 
WindoW boundaries can be used for both the reference image 
data and the sample image data as depicted in FIGS. 2-4. 
Alternatively, the WindoW boundaries can be determined for 
each set of image data. 

FIG. 13 depicts an example of an optical navigation system 
90 relative to a surface 92 that is used for navigation. The 
optical navigation system includes a light source 94, optics 
96, an image sensor 98, and a processing unit 100. The light 
source (e.g., a light emitting diode) emits light, Which illumi 
nates the surface and is re?ected toWards the optical naviga 
tion system. The re?ected light is collected by the optics and 
directed toWards the image sensor. The image sensor detects 
the received light and outputs image data to the processing 
unit. For example, the image sensor captures reference image 
data and at some later time, sample image data. The process 
ing unit processes the image data as described above to deter 
mine the boundaries of the navigation WindoW and to deter 
mine the relative displacement betWeen image data sets. The 
processing unit includes pre-processing logic 102 and bound 
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ary logic 104. The pre-processing logic performs the sum 
ming operations as described above and the boundary logic 
de?nes the boundaries of the navigation WindoW as described 
above. The functional elements of the processing unit may be 
implemented in hardWare, software, ?rmware, or any combi 
nation thereof. In an embodiment, the pre-processing logic is 
implemented in hardWare While the boundary logic is imple 
mented in ?rmWare. 

Although speci?c embodiments of the invention have been 
described and illustrated, the invention is not to be limited to 
the speci?c forms or arrangements of parts so described and 
illustrated. The scope of the invention is to be de?ned by the 
claims appended hereto and their equivalents. 
What is claimed is: 
1. An optical navigation method comprising: a processor to 

implement the step of: 
establishing an illumination threshold, Wherein the illumi 

nation threshold is de?ned in terms of a minimum inten 
sity value sum for an entire slice of image data; 

obtaining sets of image data, Wherein the step of obtaining 
sets of image data comprises illuminating a navigation 
surface and detecting light that is re?ected from the 
navigation surface; 

summing the obtained sets of image data on a per-slice 
basis to create per-slice sums; 

comparing the per-slice sums to the illumination threshold; 
de?ning a boundary of a navigation WindoW in response to 

the comparison, 
Wherein the illumination threshold is related to a minimum 

illumination that is acceptable Within the navigation 
WindoW to determine relative displacement betWeen the 
obtained sets of image data; and 

determining relative displacement betWeen the obtained 
sets of image data using only portion of the obtained sets 
of image data that falls Within the navigation WindoW. 

2. The optical navigation method of claim 1 Wherein the 
de?ning of the boundary includes setting the boundary in 
response to a per-slice sum that is less than the illumination 
threshold. 

3. The optical navigation method of claim 1 Wherein the 
summing of the image data on a per-slice basis comprises 
summing the image data on a per-column basis and on a 
per-roW basis. 

4. The optical navigation method of claim 3 Wherein the 
establishing of the illumination threshold comprises estab 
lishing a column illumination threshold and a roW illumina 
tion threshold and Wherein the comparing of the per-slice 
sums to the illumination threshold comprises comparing the 
per-column sums to the per-column illumination threshold 
and comparing the per-roW sums to the per-roW illumination 
threshold. 

5. The optical navigation method of claim 4 Wherein the 
de?ning of the boundary comprises: 

de?ning a ?rst boundary in response to the comparison of 
the per-column sums to the column illumination thresh 
old; and 

de?ning a second boundary in response to the comparison 
of the per-roW sums to the roW illumination threshold. 

6. The optical navigation method of claim 5 Wherein: 
the ?rst boundary is parallel to the columns over Which the 

per-column sums are obtained; and 
the second boundary is parallel to the roWs over Which the 

per-roW sums are obtained. 

7. The optical navigation method of claim 4 Wherein the 
column and roW illumination thresholds are related to a mini 
mum illumination that is acceptable Within a navigation Win 
doW. 
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8. The optical navigation method of claim 1 Wherein sum 

ming the image data on a per-slice basis comprises adding 
intensity values from image sensor photodetectors in the 
same column or the same roW. 

9. The optical navigation method of claim 1 Wherein the 
image data is an array of digital intensity values. 

10. The optical navigation method of claim 1 further com 
prising dynamically adjusting the boundary of the navigation 
WindoW in response to neWly acquired image data. 

11. An optical navigation method comprising: a processor 
to implement the steps of: 

obtaining sets of image data, Wherein the step of obtaining 
sets of image data comprises illuminating a navigation 
surface and detecting light that is re?ected from the 
navigation surface; 

summing the obtained sets of image data on a per-column 
basis and on a per-roW basis; and 

de?ning boundaries of a navigation WindoW in response to 
the summing, Wherein de?ning the boundaries of the 
navigation WindoW comprises: 

establishing a column illumination threshold and a roW 
illumination threshold, Wherein the column illumination 
threshold is de?ned in terms of a minimum intensity 
value sum for an entire column of image data and 
Wherein the roW illumination threshold is de?ned in 
terms of a minimum intensity value sum for an entire 
roW of image data and Wherein the column and roW 
illumination thresholds are related to a minimum illumi 
nation that is acceptable Within the navigation WindoW 
to determine relative displacement betWeen the obtained 
sets of image data; 

comparing the per-column sums to the column illumina 
tion threshold; 

establishing a ?rst boundary of the navigation WindoW in 
response to the comparison of the per-column sums to 
the column illumination threshold; 

comparing the per-roW sums to the roW illumination 
threshold; and establishing a second boundary of the 
navigation WindoW in response to the comparison of the 
per-roW sums to the roW illumination threshold; and 

determining relative displacement betWeen the obtained 
sets of image data using only portions of the obtained 
sets of image data that falls Within the navigation Win 
doW. 

12. The optical navigation method of claim 11 Wherein: 
establishing the ?rst boundary further comprises establish 

ing the boundary in response to a per-column sum that is 
less than the column illumination threshold; and 

establishing the second boundary further comprises estab 
lishing the boundary in response to a per-roW sum that is 
less than the roW illumination threshold. 

13. The optical navigation method of claim 11 Wherein: 
the ?rst boundary is parallel to the columns over Which the 

per-column sums are obtained; and 
the second boundary is parallel to the roWs over Which the 

per-roW sums are obtained. 

14. The optical navigation method of claim 11 Wherein 
summing the image data on a per-column basis comprises 
adding intensity values from image sensor photodetectors in 
the same column and Wherein summing the image data on a 
per-roW basis comprises adding intensity values from image 
sensor photodetectors in the same roW. 

15. The optical navigation method of claim 11 Wherein the 
boundaries are dynamic boundaries that are changed in 
response to neW image data. 

16. The optical navigation method of claim 11 Wherein 
de?ning the boundaries comprises: 
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establishing a ?rst pair of parallel boundaries of the navi 
gation WindoW in response to the comparison of the 
per-column sums to the column illumination threshold, 
Wherein the ?rst pair of parallel boundaries is parallel to 
the columns over Which the per-column sums are estab 

lished; and 
establishing a second pair of parallel boundaries of the 

navigation WindoW in response to the comparison of the 
per-roW sums to the roW illumination threshold, Wherein 
the second pair of parallel boundaries is parallel to the 
roWs over Which the per-roW sums are established. 

17. A system for processing image data for optical naviga 
tion comprising: 

a light source con?gured to illuminate a navigation surface; 
an image sensor con?gured to obtain sets of image data in 

response to light that is re?ected from the navigation 
surface; 

pre-processing logic con?gured to sum intensity values of 
the obtained sets of ?rst-image data on a per-column 
basis and on a per-roW basis; and 

boundary logic con?gured to de?ne boundaries of a navi 
gation WindoW in response to the per-column and per 
roW sums, Wherein the boundary logic is further con?g 
ured to: 

establish a column illumination threshold and a roW illu 
mination threshold, Wherein the column illumination 
threshold is de?ned in terms of a minimum intensity 
value sum for an entire column of image data and 
Wherein the roW illumination threshold is de?ned in 
terms of a minimum intensity value sum for an entire 
roW of image data and Wherein the column and roW 
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illumination thresholds are related to a minimum illumi 
nation that is acceptable Within the navigation WindoW 
to determine relative displacement betWeen the obtained 
sets of image data; 

compare the per-column sums to the column illumination 
threshold; 

establish a ?rst boundary of the navigation WindoW in 
response to the comparison of the per-column sums to 
the column illumination threshold; 

compare the per-roW sums to the roW illumination thresh 

old; and 
establish a second boundary of the navigation WindoW in 

response to the comparison of the per-roW sums to the 
roW illumination threshold; and 

a processing unit con?gured to determine relative displace 
ment betWeen the obtained sets of image data using only 
portions of the obtained sets of image data that falls 
Within the navigation WindoW. 

18. The optical navigation system of claim 17 Wherein the 
boundary logic is further con?gured to: 

establish the boundary in response to a per-column sum 
that is less than the column illumination threshold; and 

establish the boundary in response to a per-roW sum that is 
less than the roW illumination threshold. 

19. The optical navigation system of claim 17 Wherein: 
the ?rst boundary is parallel to the columns over Which the 

per-column sums are obtained; and 
the second boundary is parallel to the roWs over Which the 

per-roW sums are obtained. 

* * * * * 


